Background-Despite the high prevalence and morbidity of minor and subsyndromal depression in primary care elderly people, there are few data to identify those at highest risk of poor outcomes. The goal of this observational cohort study was to characterize the one-year outcomes of minor and subsyndromal depression, examining the predictive strength of a range of putative risks including clinical, functional and psychosocial variables.
Introduction
The enormous societal burden of late-life depression includes symptomatic distress, functional disability and excess mortality (Charney et al., 2003) , which largely presents to primary care providers (Gallo and Coyne, 2000) . However, the majority of seniors with clinically significant depressive symptoms do not meet standard diagnostic criteria for major depression or dysthymic disorder . Unlike major depression, so-called minor and subsyndromal depressive conditions have a relatively small evidence base regarding treatments; extant data suggest that available therapies have modest effect sizes (Unutzer et al., 2002; Bruce et al., 2004; Pinquart et al., 2006) .
Given this, and also noting that the naturalistic outcomes of depression are heterogeneous , identification of specific predictors of depression outcomes in the elderly is important to help clinicians focus treatment efforts on those patients at highest risk of poor outcomes. Such work also could identify potentially modifiable risk markers to inform the development of innovative approaches to therapies including preventive interventions (Schoevers et al., 2006) . Yet prior studies of outcome predictors have been limited by sample biases from psychiatric or other medical subspecialty settings, or by the sole use of self-report assessments (Harris et al., 2006) . As well, most studies, particularly those in primary care, have tested the role of only a few select predictor domains. Thus, while the collective literature supports the predictive role of demographic, psychopathological, medical, functional, psychological and interpersonal factors, it remains unclear which of these domains is most operant in the real-world context where all exist simultaneously. One recent report found that greater medical burden and poorer self-rated health and subjective social support were significant independent predictors of one-year depression outcomes . However, this study did not test the role of personality, other psychiatric comorbidities, or physical disability disaggregated from psychiatrically impaired functioning. The generalizability of these results also may have been limited by relying on subjects from the "Usual Care" control group of a randomized controlled trial. Accordingly, the current data are reported from a well-characterized cohort of older persons recruited from primary care practices. The study goal was to describe their naturalistic depressive outcomes at one year, hypothesizing that subjects with minor and subsyndromal depression at study intake would have outcomes intermediate between those with major depression and those initially not depressed. The influences of a wide range of clinically important predictor variables (Cole and Dendukuri, 2003) on depression outcomes also were examined; prior published longitudinal studies using this dataset tested more focal hypotheses with only a more limited set of predictors (Cui et al., 2007; 2008) 
Methods

Procedures and subjects
As described previously , all patients aged ≥65 years who presented for care on selected days at internal medicine and family medicine primary care offices were approached for enrollment, including private practice and hospital-based clinic settings. After obtaining written informed consent, using procedures approved by the University of Rochester Research Subjects Review Board, subjects underwent face-to-face intake interviews by a trained rater in their homes or at the university research offices. These interviews were completed with 50.1% of potentially eligible subjects, a completion rate consistent with previous work using intensive, rigorous assessment methodologies in primary care settings (Schulberg et al., 1998) ; enrolled subjects did not significantly differ from non-enrolled patients in age, gender, or the 15-item Geriatric Depression Scale score (Sheikh and Yesavage, 1986) . All study measures were repeated during similar face-to-face follow-up interviews completed at one year (between 11 and 14 months after the intake assessment).
Measures
Interviews included the Structured Clinical Interview for DSM-IV (SCID), a validated and widely used method for establishing psychiatric diagnoses in research contexts (Spitzer et al., 1994) , and the 24-item version of the Hamilton Rating Scale for Depression (Ham-D) , assessing depressive symptom severity (Williams, 1988) . The SCID and the Ham-D were completed based on the interview and primary care chart review, with the one-year interview also informed by a telephone interview six months after intake. Inter-rater reliability was high, e.g. an intra-class correlation coefficient of 0.93 for the Ham-D (based on six raters and five subjects), and κ coefficients for the diagnoses of major and minor depression ranging from 0.66 to 0.86 (P < 0.001, based on six raters and three subjects).
Depression diagnoses based on SCID criteria were assigned at a consensus conference of study investigators and raters. The groups were defined as: (1) Major Depression (Maj Dep): meeting full criteria for current major depressive disorder; (2) Minor/Subsyndromal Depression (Min/ SSD): either meeting full criteria for current minor depressive disorder, as defined in the appendix to DSM-IV, or DSM-IV dysthymic disorder, or subsyndromal depression, the latter defined as a minimum of two depressive symptoms present at either the 'subthreshold' or 'threshold' level by SCID criteria, with at least one symptom being either depressed mood or decreased interests / pleasure, yet not meeting criteria for major or minor depression; and (3) Non-Depressed (Non-Dep): all others, i.e. those not meeting criteria for major, minor or subsyndromal depression, or for dysthymic disorder. The definition of subsyndromal depression(SSD), used in studies of elderly patients in primary care and homecare settings (McAvay et al., 2004) , has been shown to identify a symptomatically and functionally impaired group in this cohort . Analyses also examined the predictive role of a prior history of major or minor depression (as determined by the SCID), and explored the outcomes of the minor depression and SSD subgroups separately.
Other psychiatric diagnoses from the SCID were considered as outcome predictors. These included the presence of any current anxiety or alcohol use disorder. Dementia was diagnosed according to DSM-IV criteria by an experienced geriatric psychiatrist (JML) based on all information available from the research interview, cognitive measures (e.g. Mini-mental State Examination; MMSE; Folstein et al., 1975) , and the primary care chart. Antidepressant treatment was measured by the Composite Antidepressant Scale (Alexopoulos et al., 1996) , although interpretation of treatment as a predictor variable must recognize that interventions are often associated with poorer outcomes in naturalistically followed cohorts, presumably due to confounding by indication (i.e. the most ill patients are more likely to receive treatment).
Medical illness burden was assessed by the Cumulative Illness Rating Scale (CIRS; Linn et al., 1968) , a validated measure of the severity of pathology in each organ system, completed by a physician-investigator (JML). Four measures of functional status were used. Basic activities of daily living were assessed by the Instrumental Activities of Daily Living (IADL) and Physical Self-Maintenance Scales (PSMS) (Lawton and Brody, 1969) . The IADL assessed higher-order ADLs such as shopping, driving and meal preparation, while the PSMS assessed self-care ADLs such as bathing, grooming and feeding oneself. Overall level of functioning related to psychiatric factors (i.e. on a continuum of mental health -illness) was rated on the Global Assessment of Functioning (GAF) from DSM-IV, and related to physical impairments on the Karnofsky Performance Status Scale (KPSS) (Karnofsky and Burchenal, 1949) .
A modified version of the Louisville Older Persons Event Survey (LOPES; Murrell et al., 1984) was used to rate the presence and severity of any stressful life event (other than medical illness in oneself) in the past six months. The Duke Social Support Inventory assessed three dimensions of social support: social interaction, perceived social support and instrumental support (Landerman et al., 1989) . Personality traits were assessed with the NEO Five Factor Inventory (NEO-FFI) (Costa and McCrae, 1992) , a validated self-report instrument yielding scores on trait neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness. The NEO-FFI self-report forms were left with the subjects to be completed and returned using the self-addressed stamped envelopes.
Analyses
Multivariate regression analyses determined the independent associations of predictors with outcomes. The naturalistic course of depression was examined by linear regression models for one-year depressive symptom severity (Ham-D) , and proportional odds (i.e. ordinal logistic) models for one-year depression diagnosis (Non-Dep vs. Min/SSD vs. Maj Dep), controlling for demographics (age, gender, years of education) and medical burden (CIRS score). We chose these covariates as fundamental factors that might differ by baseline depression status and potentially predict one-year outcomes, paralleling prior work using the PROSPECT dataset . The proportional odds models yield odds ratios reflecting the probability of moving into a worse category of depression (i.e. from Non-Dep to Min/SSD or Maj Dep, or from Non-Dep or Min/SSD to Maj Dep). To test the putative predictors of one-year depressive outcomes, clinical considerations informed a hypothesis-driven series of regression analyses, with the variables entered as blocks in the following steps: (1) demographics (including race), previous history of major or minor depression, any current anxiety, alcohol or dementia disorders, baseline depression (Ham-D score or diagnosis depending on the outcome variable); (2) medical and functional variables (CIRS, IADL, PSMS, KPSS, and GAF scores); (3) psychosocial variables, e.g. social support, life events; and (4) antidepressant treatment (Composite Antidepressant Score). Paralleling prior work , variables significant at P < 0.20 at each step were manually retained for the next step to allow for suppression effects. In the subset of patients with personality data, steps three and four were repeated additionally entering standardized scores for the five NEO-FFI traits. Significance level was set at P < 0.05 (2-tailed). Sensitivity analyses examined results without the personality predictors in the subsample of patients who had returned personality data, to test whether findings were due to the inclusion of personality predictors or were artifacts of restricting analysis to this subsample; NEO-FFI results indeed were largely attributable to sample restriction and so are only reported briefly below. As an additional sensitivity analysis, all predictors that were significant in univariate analyses at P < 0.20 were entered simultaneously into a multivariate model. It is important to note that we included the maximum number of subjects with complete data for the measures needed for a given analysis, consistent with usual epidemiological approaches to multivariate analyses.
Results
Of 750 subjects completing the study intake, 17 had died and 484 (64.5% of the initial group) remained in the study at one-year follow-up. (Note that while all 484 provided one-year Ham-D scores, 482 had one-year SCID depression diagnosis data.) Of those completing one-year follow-up, 299 (61.8%) were female and 455 (94.0%) were white. Four hundred and thirty (88.8%) had been recruited from general internal medicine practices, 26 (5.4%) from geriatric primary care, and 28 (5.8%) from family medicine practices. Other descriptive data at intake for those completing one-year follow-up are provided in Table 1 . Compared with those not completing follow-ups, those included in the present analyses did not differ significantly in age, gender, education, depression diagnosis, Ham-D score, or CIRS score, but were more likely to be white (OR [95% CI] 2.5 [1.4-4.5], χ 2 = 8.8, df = 1, P = 0.003). Baseline NEO personality forms were received from 368 subjects (76.0% of those completing one-year follow-ups); NEO completers were more likely to be white (OR [95% CI] 3.0 [1.2-7.3], χ 2 = 5.6, df = 1, P = 0.018) but did not differ in age, gender, education, depression diagnosis, Ham-D, or CIRS scores. Table 2 shows a bivariate cross-tabulation of depression diagnoses at study intake and oneyear. Multivariate proportional odds models controlling for age, gender, education, and CIRS score revealed that baseline depression diagnosis as a whole was a significant predictor of follow-up diagnosis (χ 2 = 99.9, df = 2, P < 0.001). At follow-up the Min/SSD group was more likely than the non-depressed group to meet diagnostic criteria for Min/SSD or major depression (χ 2 = 77.5, df = 1, P < 0.001), although their outcomes were better than the group with major depression at baseline (χ 2 = 13.0, df = 1, P < 0.001). Controlling for baseline age, gender, education, and CIRS score, patients in the Min/SSD group were 7 times more likely (95% CI 4.5-10.8; χ 2 = 77.4, df = 1, P < 0.001) than the non-depressed group to develop major depression, while patients in the major depression group were 50.3 (95% CI 16.6-152.1; χ 2 = 48.0, df = 1, P < 0.001) times more likely than the non-depressed group to have major depression one year later. However, the proportion of Min/SSD subjects developing major depression was fairly low, and many improved to the non-depressed group at one year. Secondary analyses examining differences between minor and SSD subgroups showed that the minor depression subgroup was 12.6 times more likely (95% CI 5.5-29.1; χ 2 = 60.5, df = 1, P < 0.001) than the non-depressed group to move into major depression at one year, while the SSD subgroup was 6.1 times more likely (95% CI 3.9-9.6; χ 2 = 35.2, df = 1, P < 0.001) than the non-depressed group to move into major depression at one year; a statistically nonsignificant difference between the two levels of depression (χ 2 = 2.8, df = 1, P = 0.10).
Depression outcomes by initial depression diagnosis
Similarly, as shown in Figure 1 , the baseline non-depressed, Min/SSD and major depression groups also showed a pattern of graded severity with respect to one-year Ham-D scores, adjusted for baseline age, gender, education and CIRS score. Secondary analyses, not shown in the figure, revealed no statistically significant differences in adjusted one-year Ham-D scores between the SSD and Minor Depression subgroups (adjusted one-year Ham-D scores (SE) 12.3 (0.9) vs. 10.6 (0.5), P = 0.09).
Predictors of depression outcomes
The final multivariate models for all predictors (for the entire sample, thus excluding personality) are shown in Table 3 . The significant independent predictors of depression diagnosis at one year were white race and baseline depression diagnosis, GAF score, social interaction, and perceived social support. Results were unchanged when minor depression and SSD were treated as separate subgroups. The independent predictors of one-year Ham-D score were baseline scores on the Ham-D, physical functioning (KPSS), psychiatric functioning (GAF), perceived social support, and instrumental social support. In all final models, the direction of the effect was such that higher baseline symptoms and poorer functioning or social support predicted poorer depressive outcome.
The addition of the NEO-FFI personality traits to the prediction models yielded largely similar findings, with differences from the above-described models mainly attributable to sample restriction among those who completed and returned the NEO-FFI questionnaires. In the sensitivity analysis that simultaneously entered all variables significant at P < 0.20 in bivariate comparisons, neuroticism was marginally significant in its association with one-year depression diagnosis (for each +1 SD in neuroticism, OR (95% CI) 1.5 (1.0-2.2); χ 2 = 3.8, df = 1, P = 0.05).
Discussion
As hypothesized, minor and subsyndromal depression had a one-year outcome intermediate between that of major depression and the non-depressed group. These results demonstrate the clinical significance of so-called "lesser" depressive conditions among older primary care patients, posing substantially elevated risk of persistent depressive symptoms and worsening into major depression (albeit with a relatively low absolute rate of the latter). At the same time, outcomes are not universally poor, strongly suggesting that therapeutic intervention should be targeted at those at greatest risk. These findings extend prior data obtained from the Usual Care arm of the "PROSPECT" clinical trial by examining these issues in a naturalistically followed study cohort. (Note that the slightly higher baseline Ham-D scores for the major depression and minor/subsyndromal depression groups in our cohort, compared to those in the PROSPECT Usual Care group, may reflect the greater representativeness of our study group compared to those enrolled in a randomized controlled trial, although we cannot exclude the possibility that rater variability between our study and PROSPECT accounts for the differences.)
Targeting interventions for patients with minor and subsyndromal depression may prove useful as both indicated-and relapse-prevention strategies. A recent indicated-prevention study -for example, examining incident major depression among those with subsyndromal symptomsfound that the number needed to treat was 5.8 (Schoevers et al., 2006) . Collaborative care interventions in primary care may be cost-effective for this purpose (Simon et al., 2002) .
Still, it remains to be determined whether the evidence-based psychosocial and medication treatments shown to be efficacious for major depression have a role in minor and subsyndromal depression. Psychosocial treatments may be more helpful than medications for those elders with less severe forms of depression (Ciechanowski et al., 2004; Pinquart et al., 2006) . However, current treatments leave too many patients suffering persistent symptoms (Unutzer et al., 2002; Bruce et al., 2004) .
Our work further extended findings from the PROSPECT study by examining a wider range of potential predictors of outcome. Taking this broader view, it is striking that various dimensions of social support have emerged consistently as independent predictors of depression outcome in older primary care patients (Travis et al., 2004; Harris et al., 2006; Smit et al., 2006) , while personality and life events have not. Overall medical burden as measured by the CIRS, while strongly associated with depression outcome in bivariate analyses, did not retain an independent association in the final multivariate models, a finding that may be explainable by the inclusion of several functional status measures, particularly the KPSS, a physician-rated measure of physical disability rarely used in previous studies. As well, it is possible that the effects of medical burden or personality on outcome may be more powerful over a longer follow-up period or with different outcome measures, as exemplified by the independent association of medical burden with two-year depression trajectories (defined by cluster analysis) in a subset of the present sample (Cui et al., 2008) .
Study limitations must be acknowledged, including the possibility of sample bias introduced by the enrollment rate of 50.1% and one-year follow-up completion rate of 64.5%; it is possible, for example, that subjects with greater depressive symptoms would be less likely to enroll or follow-up. However, these rates are comparable to prior work using similarly rigorous, timeintensive assessment methodologies, and comparative statistics suggest that the biases introduced in this cohort were few. The role of specific types of life stressors (other than medical burden) was not examined, nor were health behaviors such as alcohol intake or physical activity level. The study group was predominantly white and relatively well educated for an older cohort, potentially limiting generalizability to other populations. Small subgroup sizes precluded examination of differences among most racial and ethnic minority subgroups, although white race was independently associated with depression outcome in this cohort; interpretation of this finding, however, must recognize the potential biases introduced by the greater retention of whites during the follow-up period. A cross-sectional study found that whites were more likely than blacks to be diagnosed with depression (Gallo et al., 2005) ; it is not known whether such findings reflect race differences in symptom detection and reporting or more substantive differences in depression course. Future work also might examine fruitfully whether specific depressive symptoms are more highly predictive of poor outcomes than other symptoms or than broader categories such as minor/subsyndromal depression.
In summary, clinicians should recognize that minor and subsyndromal depression are likely to persist and pose substantially elevated risk of worsening over time, and that poorer functional status or social support confer additional risk of poor outcome. Interventions and prevention research might fruitfully focus on modifiable risks, such as improving psychiatric functioning or social support in elders suffering from clinically significant depressive symptoms. Adjusted one-year Hamilton Depression Rating Scale scores by baseline depression diagnosis. One-year scores adjusting for age, gender, baseline Cumulative Illness Rating Scale score pairwise comparisons: Minor/subsyndromal depression vs. non-depressed F = 32.6, df = 1,474, P < 0.001. Minor/subsyndromal depression vs. major depression F = 10.6, df = 1,474, P = 0.001. 
